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(57) Abstract: The present inventioii provides for a method and 
an apparatus for controlling manufacturing processes using a hi- 
erarchical system. A first of semiconductor devices (105) is pro- 
cessed using a first set of control input parameters. The first set 
of control input parameters is stored in one of a plurality of hier- 
archical levels (602-678), the first set of control input parameters 
bdng available for processing of a second lot of semiconductor 
devices (105). Process data is acquired from the processing of the 
first lot of semiconductor devices (105). A second set of control 
input parameters is determined for a subsequent lot of semicon- 
ductor devices (105) based upon the acquired process data. The 
second set of control input parameters is stored in one of a plu- 
rality of hierarchical levels (602-678), the first and second sets 
of control input settings being available foe processing of a diird 
lot of semiccmductor devices (105). 
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METHOD AND APPARATUS FOR PERFORMING RUN-TO-RUN CONTROL IN A BATCH 
MANUFACTURING ENVIRONMENT 

TECHNICAL FIELD 

5 This invention relates generally to semiconductor products m anufacftiring, and, more paiticulariy» to a 

method and means for hterardiical organization of run-to-nm control parameters. 

BACKGROUND ART 

The technology explosion in the manu&ctuiing industry has resulted in many new and innovative 

manufecturing processes. Today's manufacturing processes, particularly semiconductor manufacturing processes. 
10 call for a large number of important steps. These process steps are usually vital, and, therefore, require a number 

of mputs that are generally fine tuned to maintam proper manu&ctoring cootrpL 

The manu&^ure of semiconductor devices requires a number of discrete process steps to create a 

packaged semiconductor device from raw semiconductor material. The various processes, from the initial growth 

of the semiconductor material, the slicing of the semiconductor crystal into individual wafers, the fabrication stages 
15 (etching, doping, ion implanting, or the like), to the packaging and final testing of the completed device, are so 

different from one another and so specialized that the processes may be performed in different m an u fec t uring 

locations diat contain different control schemes. 

One of tiie most important aspects of semiconductor manufieicturing is overlay control. Overlay is one of 

several important steps in the lithography area of semiconductor manufecturing. Overlay control involves 
20 measuring the misalignment between two successive patterned layers on the surface of a semiconductor device. 

Generally, minimization of misalignment errors is important to ensure that tiic multiple layers of the semiconductor 

devices are connected and functionaL As technology fecilitates smaller critical dimensions for semiconduGtor 

devices, the need for the reduction of misalignment errors increases dramatically. 

Generally, photolithography engineers currently analyze the overiay errors a few times a month. The 
25 results from the analysis of the overlay errors are used to manually make updates to control settings. Some of the 

problems associated with the current methods include the fact that the control settings, such as ASM settings for 

photolithography processes, are only updated a few times a month. Furthermore, currently, the ASM updates are 

performed manually. 

Genendly, a set of processing steps is performed on a lot of wafers on a semiconductor manufecturing tool 
30 called a stepper. The stepper coinmunicateswitii a manufecturing framework or a network of processiiig modules. 
The manufecturing ftamework is connected to an equipment interfece. The equipment interfece is connected to a 
machine interfece to which tiic stepper is connected, thereby facilitating conununications between the stepper and 
the manufecturing framework. The machine interfece interacts with an automatic process control (APC) system. 
The APC system initiates a control scr^ which can be a computer program that automatically retrieves the data 
35 needed to execute a manufecturing process. The input parameters that control die manufecturing process are 
revised periodically in a manual fashion. As the need for higher preciaon manufecturing processes are required, 
improved methods are needed to revise input parameters diat control manufacturing processes m a more automated 
and timely maimer. 

The present invention is directed to overcoming, or at least reducing the effects of, one or more of the 
40 problems set forth above. 
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DISCLOSURE OF INVENTION 

In one aspect of the present invention, a method is provided for controlling manufacturing processes usmg 
a hierarchical system. A first lot of semiconductor devices is processed using a first set of control ioput 
parameters. The first set of conttol input parameters is stored in one of a plurality of hierarchical levels, the first 
5 set of control input parameters being available for processmg of a second lot of semiconductor devices. Process 
data is acquired from the processmg of the first lot of semiconductor devices. A second set of control mpat 
parameters is detennined for a subsequent lot ofsemiconductor devices based upon the acquired pn The 
second set of control uq)ut parameters is stored in one of a plurality of hierarchical levels, die first and second sets 
of control input parameters being available for processing of a third lot of semiconductor devices. 
]0 In another aspea of the present invention, an apparatus is provided for controlling manufacturing 

processes using a hierarchical system. The apparatus of the present invention comprises means for processing a 
first lot of semiconductor devices using a first set of control ii^nit parameters, means for storing the first set of 
control ii^iut parameters in one of a phuality of hierarchical levels* die first set of control mput parameters bemg 
available for processing of a second lot of semiconductor devices, means for acquiring process data from the 
15 processing of Ae first lot ofsemiconductor devices, means for determming a second set of control irqiut parameters 
for a subsequent lot of semiconductor devices based upon the acquired process data, and means for storing the 
second set of control input parameters in one of a plurality of hierarchical levels, the first and second sets of control 
input parameters bemg available for processing of a third lot ofsemiconductor devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The invention may be understood by reference to the following desaiption taken m conjuncdon wifli the 

accompanying drawings, in which like reference numerals identify like elements, and m which: 

Figure 1 illustrates semiconductor wafers being processed on an semiconductor manu&cturing tool using 
a plurality of control ii^ut signals; 

Figure 2 depicts one embodiment of updating control input parameters of a process; 
25 Figure 3 illusuates the depmdence of the average on each successive point m an EWMA filter; 

Figure 4 illustrates one embodiment of the hierarchical method taught by the present invendon; 
Figure 5 illustrates a more detailed descnpdon of die step described m block 440 of Figure 4; 
Figure 6 illustrates a graphical depiction of one embodiment of the hierarchical levels described in the 
present mvendon; 

30 Figure 7 illustrates an example of the implementadon of the hierarchical system based xnpati the results of 

processmg a first semiconductor lot; 

Figure 8 illustrates an example of the unplementadon of die hierarchical system based i^n the resuhs of 
processing a second semiconductor lot; 

Figure 9 illustrates an example of the implementadon of the hierarchical system based upon the residts of 
35 processing a third semiconductor lot; 

Figure 10 illustrates an example of the implementadon of the hierarchical system based upon the results of 
processing a fourth senuoonductor lot; and 

Figure 1 1 illustrates an example of the implementadon of the hierarchical system based upon the results of 
processing a fifth semiconductor lot 
40 While the invendon is susceptible to various modificadons and altemadve forms, specific embodunents 

thereof have been shown by way of example m die drawuigs and are herem described m detail It should be 
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understood, however, that the description herein of specilRc embodiments is not intended to limit the invention to 
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and 
alternatives falling within the spirit and scope of invention as defined by ttie ^>pended claims. 

MODELS) FOR CARRYING OUT THE INVENTION 

5 Illustrative embodiments of the invention are described below. In the interest of clarity, not all features of 

an actual implementation are described in this specification. It will, of course, be appreciated that in the 
development of any such actual embodiment, numerous implementation-specific decisions must be made to 
achieve the developers* specific goals, such as compliance with system-related and business-related constraints, 
which will vary torn one implementation to another. Moreover, it will be appreciated that such a development 

10 effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of 
ordinary skill in die art having the benefit of ^ disclosure. 

There are many discreet processes that are involved in semiconductor manu&cturing. One process in 
semiconductor manufacturing is the overlay process. In particular, the overlay process involves measuring 
misalignment errors between semiconductor layers during manufactoring processes. hnprovemcnts m 

15 semiconductor manufiumiring processes, such as the overlay process, could result in substantial enhancements, in 
terms of quality and efficiency, in manufiurturing of semiconductor devices. The present invention provides a 
method of implementing automated error correction for control of semiconductor processes, such as the overiay 
process. Fuithennore, the present invention provides a mediod of performing nm-to-run control of semiconductor 
manufiicturing processes. 

20 Semiconductor devices are processed in a manu&cturing environment using a number of input control 

parameters. Turning now to Figure 1, in one embodiment, semiconductor products 105, such as semiconductor 
wafers, are processed on an exposure tool 110 using a plurality of control input signals (or control mpat 
parameters) on a line 120. In one embodiment, the control input signals on the line 120 are sent to the exposure 
tool 1 10 from a computer system 130. One example of an exposure tool 1 10 used in semiconductor manufac t uring 

25 processes is a stepper. 

The control inputs, on the line 120, that arc used to operate the exposure tool 1 10 include an x-translation 
signal, a y-translation signal, an x-expansion wafer scale signal, a y-aq>ansion wafer scale signal, a reticle 
magnification signal, and a reticle rotation signal. Generally, errors associated with the reticle magnification signal 
and the reticle rotation signal relate to one particular exposure process on the surface of the wafer being processed 

30 in the exposure tool. One of the primary features taught by the present invention is a metiiod of updating the 
control input signals described above, on a run-to-run basis. 

When a process step m die exposure tool 110 is concluded, the semiconductor wafer that is being 
processed in die exposure tool 110 is examined in a review station. One such review station is a KLA review 
station. One set of data derived fiom the operation of the review station is a quantitative measure of the amount of 

35 misregistration tiiat was caused by die previous exposure process. In one embodiment, the amount of 
misregistration relates to die misalignment in die process tiiat occurred between two layers of a semiconductor 
wafer. In one embodiment, the amount of misregistration that occurred can be attributed to the control inputs to a 
particular exposure process. The connrol inputs generally aflfea the accuracy of the process steps pcrfonned by the 
exposure tools on the semiconductor wafer. The control input signals affect the reticle magnification and the 

40 position of die semiconductor wafer that is being processed. Modifications of the control inputs can be utilized to 
Improve the perfonnance of the process steps employed in die exposure tool. 
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Once errors are determined from the examination after the run of a lot of wafers, the control inputs on the 
line 120 arc modified for a subsequent run of a lot of semiconductor wafers. Modifying the control signals on tiie 
line 120 is designed to improve the next process step in the exposure tool 110. Tlic value of the error 
corresponding to a control input signal Is used to update that control ii^)ut signal for a subsequent manu&cturing 
5 processstep. One embodiment of the control ii^ signal modification sequence b illustnie^ 
Figure 2. 

T<qTi«ig now to Figure 2^ once the error data associated with a particular control input signal is acquired, a 
recommended step size of the change in the value of die control input signal is calculated, as described in block 
210 of Figure 2. The step size of the change in the vahie of die control input signal relates to die change in the 
10 magni*i''<« of the value of die control input signal Hie m agni t ude of die value of the control input signal 
determmes the inpat characteristics of die settings of semiconductor ma nnfa mni ng tools, such as the cxposm tool 
1 1 0. In one embodiment, die step size, which determmes the new settings of die control input signal on line 120» is 
calculated using Equation 1, as described in block 220 of Figure 2. 

15 New setting « Old setting - [(weight) • (error value)] Equation 1 

As illustrated in Equaticm 1, the new setting of the control inpat signal on the line 120 is calculated by 
subtracting die magnitude of die old setting of die control mput signal by die product of die weight and die crrra- 
value of die control h^put signal on the line 120. The weight is a predetermined parameter diat is assigned to the 

20 error value of a particular control input signal on die line 120. The weight of an eiror value of a control iqmt 
signal generally lies between zero and one. The use of die weight of die error value of a control mpvx signal is one 
methodof preventing a controller of a semicOTductormanufocturing tool from operating in an incndmatelyjidny 
fashion. In odier words, die value of the weight can be used to at least partially control die step size of Ifae change 
of the new setting from the old setting of die control input signal. 

25 Aldiough die value of die weight can be used to partially control die step size of die change in die setting 

of die control ii^iut signal, die value of die weight may still be insufBcient to prevent an excessively large step size. 
In odier words, even if an optimum weight were to be assigned to a particular error signal, a calculated step size of 
a change in die setting of a control ii^ut signal may be too large, such diat it could cause a controller of a 
semiconductor manufecturing tool to perform in an excessively jittery fashion. Therefore, die calculated step size 

30 is compared to a predetermined maximum step size diat is allowable for die change in setting of a control mput 
signal in the line 120, as described in block 230 of Figure 2. 

When a determination is made that the calculated step size of the change in the magnitude of the control 
input signal is smaller dian die predetermined maximum step size, die calculated step size is used to compute die 
new settings of die control input signal. When a determination is made diat die calculated $tq> size of die diange 

35 in die magnitude of tiie conorol mput signal is laiger than die predeteimmed maximum step size, die predetennined 
maxnnum step size is used to cmnpute the new settings of die control input signal. Based upon the calculation of 
die step size of die new settings of die condrol input signal on die line 120, die control input signal is updated for 
the next manufiuiniring process step, as described in block 240 of Figure 2. 

The completion of die step described in block 240 concludes die step of implementing the control input 

40 modification sequence. New error data for odier control input signals are acquired and corrected using die steps 
described above. Once die relevant control inpm signals for a semiconductor manu^umiring tool are updated, the 
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control input signals with new, more accurate settings are used to perform a semiconductor manu&cturing process 
step for a subsequent nm of semiconductor devices. 

One method of using the updated control input signals on the line 120 is implemented by control threads. 
The control input signal groupmg or dueads identifies a batch of lots with similar characteristics. Control threads 

5 can be implemented by a number of semiconductor process controllers, such as an overlay controller. Control 
threads are a significant part of the control scheme of a semiconductor manufacturing tool, such as die exposure 
tool 1 10. Eac h of the different control threads acts like a separate controller, and is dififerentiated by various 
process conditions. For overky control the control threads are separated by a combination of differed coiidititms^ 
including die semiconductor manufecturing tool (eg., stepper) currently processing die wafer lot, the 

10 semiconductor product, die semiconductor manufecturing operadon, and the semiconductor manufacturing tool 
diat processed the semiconductor wafer lot at a previous layer of the wafer. 

The reason for keeping the control threads separate is that different semiconductor manufacturing process 
condidons affect the overly error m different fashion. By isolaimg each of the uiuque semiconductor 
manu&cturing process conditions into its own corresponding control thread, the overlay error can become a more 

15 accurate portrayal of the conditions in which a subsequent semiconductor wafer lot in the control thread will be 
processed. Since the error measurement is more relevant, changes to the control input signals based upon the error 
will be more appropriate. The implementation of the control scheme described by the present mvention can lead to 
a reduction in die overlay error. 

To fllustrate the effectiveness of the control thread arrangement, conuder the followmg exanq>le in vftddi 

20 stepper operations are discussed For example. Stepper A produces wafers with a translational error of 0.05 
microns. Stepper B has an error of -0.05 microns, and Stepper C has 0.1 microns of error. If a semiconductor 
wafer lot was processed on Stepper A, then it was processed on Stepper B at the next layer, the overhiy error 
between dicm would be -0.1 microns. If die lot were processed on Stepper B and Stepper C mstead, the error 
would be 0.15 microns. The error is different depending upon which conditions were present when the lot was 

25 processed. Below is a table of the possible error outcomes, given the stepper/stepper pau* used in processing. 



TABLE 1: ERROR AS A FUNCTION OF STEPPER/STEPPER PAIR 




One of the advantages of the control tiuead framework is illustrated m diis example. There are three 
30 possible overlay error values for each of die steppers, depending upon which stepper processed die wafer lot at die 
last layer. One problem that arises is die controller cannot predict what the error will be for the next semiconductor 
wafer lot that is processed on the same semiconductor manufacturing tool. Utilizmg the control threads, each of 
die conditions illustrated m Table 1 would have its own controller. Smce only one condition would exist for each 
controller, diat controller would be able to predict die error diat die next semiconductor wafer lot would encounter 
35 and adjust the control input signals accordmgly. 

Overlay metrology is an important part of any scmicondurtor manufacturing tool control strategy 
described above. Review stations, such as KLA review stations, are capable of providmg the control algoridim diat 
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can measure the control cnor. Each of Ac crrormcasurememsconesponds to oneof Ac ccmtrol in^^^ 
the line 120, in a direct manner. Before the ciior can be utilized to conect control mput signals, a ccr^ 
of preprocessing is generally completed This additional complexity is designed to make the error estimates 
provided by the review stations more accurate. 

5 One of the fust steps in Ae preprocessing, or data manipulation, of control input signals is outiier 

rejection. Outiier rejection is a gross eiror check tiiat is employed to ensure tiiat Ac data fliat is received is 
reasonable m li^t of ±e historical pcifonnance of die semiconductor manufacturing process. This procedure 
involves comparing each of die overlay errois to its correspondmg predctermmed boundaiy parameter. In one 
embodiment, even if one of tiie predetennincd boundaries is exceeded, the error data from the entire semiconductor 

10 wafer lot is generally rejected. To detcimine the limits of the outiier rejection, tiiousands of actual semiconduc^ 
manufacturing febrication (fab) data points are collected. The standard deviation for each error parameter in dus 
collection of data is tiien calculated In one embodiment, for outiier r^ection, nine times die standard deviation 
(botii positive and negative) is generally chosen as Ae predetermined boundaiy. TTus was done primarily to ensure 
tiiat only die points tiiat are significantiy outside die normal operating conditions of die process are rejected. 

15 Tiie next stage m die process is to smoodi out die data, also known as filtering. This is important because 

die error measurements are subject to a certain amount of randomness, such tiiat tiie error significantiy deviates in 
value. FUtering tiie review station data results m a more accurate assessment of die error in die control input signal 
settings. In one embodiment, die overiay control scheme utilizes a filtering pnicedure 

Weighted Moving Average (EWMA) fitter, aldum^odierfatcringprocedu^ TTw 
20 equation for die EWMAfiher is ilhistraled in Equation 2. 

New average = (weight) ♦ (current measurement) + (1 - weight) * (previous EWMA average)] 

Equatioa2 

25 Tbe weight is an adjustable parameter diat can be used to control die amount of fihcring and is generally 

between zero and one. Hie weight represents die confidence in die accuracy of die current data point If die 
measurement is considered to be accurate, die weight should be close to one. If dicre were a significant amount of 
fluctuations in die process, dien a number closer to zero would be appropriate. TTie new average is calculated from 
die current measurement, die weight, and die last average calcutatcd. TTie dependence of die average on each 

30 successive point is illustrated m Figure 3 . 

In one embodiment, diere are at least two mediods of utilizmg die EWMA filtering process. The first 
unplementation is to use die previous average, die weight, and die current measurement as described above. 
Among die advantages of utilizing tiie first implementation are ease of use and minimal data storage. One of dw 
disadvantages of utilizing die fust implementation is diat diis mediod generally does not retoin much process 

35 information. Furdiermore, die previous average calculated in dus manner would be made up of every data pomt 
diat preceded it, which may be undesirable. Hie second option is to retam only some of die data and calculate die 
average from die raw data each time. 

manufacturing environment in die semiconductor manufacturing fab presents some unique 
chaUenges. The order diat die semiconductor wafer lots are processed duough a semiconductor manufecturing 

40 tool, such as a stepper, may not correspond to die order in which diey are read on die review station. This could 
lead to die data points being added to die EWMA average out of sequence. Semiconductor wafer tots may be 
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analyzed more than <mce to verify the enorineasurements. With no data retention, both readings would contribate 
to flie EWMA average, whidi be an undesinble diaracteristic. Furthennore, some of Ae control Areads 
have low volume, vrtiich cause die previous avenge to be outdated sudi that it may not be able to accurately 
represent die error in Ae control input signal settmgs. 

For die reasons discussed above, and for odier considerations, the overlay controller uses limited storage 
of data to calculate die EWMA filtored error. Semiconductor wafer lot data, includmg die lot number, die time die 
lot was processed on the semiconductor manu&cmring tool, such as die stepper, and die multqile error esdnules. 
are stored in a data stoii«e (called Data Store m one embodiment) under die control diread name. Whenanewsel 
of data is coUected, die stadc of data is retrieved from Data Store and analyzed. The lot number of die current 
semiconductor wafer lot being processed is compared to diose in die stack. If die lot number matches any of die 
data present diere. die eitor measurements are replaced. Odierwise, die data point is added to die current stadc m 
dironological onicr, according to die time periods when die lots were processed dutmgh die stepper. In one 
onbodiment, any data pohrt widim die stack diat is over 48 hours old is removed. Once die afwementioned steps 
are complete, die new later average B calculated and stored to Data Store. 

The present invention teaches a mediod of hierardiical ordering of die conditions, or attributes, diat 
constitute a control duead. In one embodfanent. die hierarchical ordering of control dircad data is related to die 
strengdi of die effects diat diese conditions exert on die control of a manufecturing process. One exanqile of 
hiwarchical ordering of control duead follows. THe control mputs of die specific tool used at a process may be a 
major influence on die control inputs of die present process, whidi can be defined as die firat level of a hienrchical 
ordering of control dnead data. The control inputs of die manuftcttiring tod enqiloyed at a previous operation may 
be die second most influential factor on die control inputs of die present process, vrtiich can be defined as die 
second level of die hierarchical ordering of control duead data. The control inputs relating to a shnilar product 
type may be die diiid most influential fector on die control mputs of die |»esent process, which can be defined as 
die diiid level of die hierardiical ordering of control diread data. Furdier levels of die hierardiical ordering of 
control diread data can be defined using odier sunilarities between previous processes and a curient pr« 

GeneraUy, a number of discrete process fectors will affect die perfoimance of a given manufecturing 
process. TTiese factors can be arranged in a Ueiardiy. The different levels in die hierarchy can be arranged in 
order of the relative impact each of die previous process factors will have on die variance of die present 
manufacturing process. Eadi semiconductor lot processed will generally involve a discrete vatoe fiom eadi 
hierardiy. but wiU contribute process mformation to muWple hierardiical levels. Control of eadi senucondnctor 
lot wiU use die lowest hierardiical level (die second level bemg lower dum die first level) for whidi diere is 
previous process metrology mformation. GeneraUy, die processmg of eadi semiconductor tot will add mformation 
to eadi hierarchical level 

Usmg die aforementioned hierardiical ordering of control diread data, an automatic spawning of control 
dueads can be implemented. In one embodiment, initially, die control inputs for a plurality of semicondnctor lots 
arc placed mto a single control diread. When sufficient data is present to prove a statistically significant diflfenaoe 
between tots bdonging to different hienrducal tevels, a process controUer splits die initial control duead into two 
control tiireads. As more data is obtained, new control dueads tiiat represent different hienrducal tevds are 



Turning now to Figure 4, a flowdiart representation of die mediod taught by die present invention is 
niusnted. hi one embodiment, one control diread is used to run a manufecturing process on a tot of 
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semiconductor devices, as described in block 410 of Figure 4. Metrology process data is then acquired and conlnl 
inimteiiws are calculated, as described in block 420 of Figure 4. To improve process perfiwnance, the control 
iiqnits for die next process run are modified on a run-toHim basis, based upon erms detected from a previous 
numufecturingnm, as described ib block 430 of Figure 4. Based upon die errors detected from the previous 
manufectuiing run, new control input settings are determined and an appropriate bin in ahierarehical level is filled 
widi data, effectively creating new control threads, as described in blodc 440 of Figure 4. Hw step described in 
block 440 of Figure 4 is illustrated in fiitdier detail in Figure S. 

Tteiiing now to Figure 5, fl» hi^test rdevant hierandifcal level 4at rel^ 
determined, as described in block 510. In other words, die cmtrol flnead diat represents the hi«archical level 
ctosest to d» top hierardiical level diat is related to the present process step fa found. A determination is then 
made wheflier a control thread from a relevant hierarchical level fa found, as described in block 520 of Figure 5. 
When a hierarchical level ttiat contains a control tiiread diat can be utilized for die present {socess fa not found, 
then defcult settings are used, as described in block 530 of Figure 5. Hie default settings are then used to 
determine die new input control settings for die present process step, as described in block 540 of Figure 5. Hifa 
15 new input control setting fa then fiUed into an appropriate bin in a hietardiicalleveU as d 

FigmS. 

Referring to blodc 520, when a relevant hierarchical level fliat contains a control diread diat can be 
utilized for the present process fa fomid, die next lower hierarchical level fa checked, as described in bkidc 560 of 
Figure 5. In odier words. w*en a control diread in a hieiardiical level fa found, die next kwerhiern 
checked to delennine if it contains a control dnead diat fa more closely, or spedficaBy, related to die present 
process. A deteimination fa dien made whedier die lower hierarchical level contains a relevant control diread, as 
described in block 570. When a determination fa made diat a relevant control diread fa found m a lower hier- 
archical level, die next tower hierarchical level fa checked. Hifa process fa repeated untU tiie lowest hienrebieal 
level diat contains a relevant control diread for die current process fa found. 

When a deteminadOT fa made diat die lowest Werarcbical levd checked does not contain relevaw control 

thread data, die control dnead data from dre previous hierardiical level fa used to control die present pn^ 
as described in block 580 of Figure 5. In odier words, data from die lowest relevant hierarchical level, which 
contains die most specific control diread for die present process, fa used. TTie data from die lowest relevant 
hierarchical level fa used to generate die new control settings for die present process step, as described in Wock 
540. -nifa new input control setting fa tiien filled into an appropriate bm in a hierarchical level, as described in 
block 550 of Figure 5. Thfa completes die steps of determining settings and filling m appropriate bms in 
hierarchical bha, as described in block 440 of Figure 4. The new control inputs are used for die next nm of 
semicondudor device processing sequence, as described in block 450 of Figure 4. 

A graphical depiction of one embodiment of die hierarchical levels described in die presem mvention fa 
35 iUustrated in Figure 6. In one embodiment, control direads used by a process conttoUer. such as die ovcriay 
controller, contain diree dfacrete context values diat detetmhie die control inputs. Tbe stqiper being used in a 
cmient process wiU generally have dw highest impart mi process performance, and dierefore wiU constit^ 
fiisthierarchical level Btocks (or bins) 602. 604, and 606 ofFigure 6 are part ofdie first hierarohical level. Block 
602 contains die control diread data for a stepper A. Block 604 contains die control dnead data for a stepper a 
40 Bkick 606 contains die control diread data for a Stepper C 
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processed on stepper B. repmented by the shading of block 610 in the second hierarchical level, Furthennorc, 
process 2 is implemented on the fourth semiconductor lot. represented by the shading of block 634 m tiie diiid 
hierarchical level. All tiiree hierarchical levels (blocks 602, 610, and 634) contain relevant data needed for die 
present semiconductor run, therefore the diird (the lowest) hierarchical level, vliich contains data most specific to 

5 the present process, is used TTie shaded bloda in Figure 10 represent the control tiiicad ^ 
result of processing tfie first, second, thini, and fourth senuoonductor 1^^ 

Turning now to Figure 11, an illustradon of die effect on die hierarehical system based on a fifth 
processing run of a semiconductor lot is depicted. A fifdi semiconductor lot is processed on stepper B, represented 
by the shading of block 604 in die first hierarchical level. The fifth semiconductor lot was previously processed on 

10 stepper B, rq)n5sented by die shading of block 616 in die second hierarchical level. Furdiermore, process 2 is 
implemented on die fifih semiconductor lot, represented by die shadmg of block 652 in die diird hierarchical IcvcL 
None of die diree hierarchical levels contam relevant data needed for die present semiconductor run, dierefore 
defeult settings are used. Tlie shaded blocks in Figure 11 represent die control diread data diat are available as a 
result of processmg die first, second, tiiird, fourdi, and fiftii semiconductor lots. A process controller can dien 

15 extract data from the bins m the hierarchical levels to process other related semiconductor lots. 

Hie aforementioned example illustrated die resuhs of processing five semiconductor lots. The data 
gadiered from die five processmg runs provided control duead data diat were filled into die bins (identified by die 
diaded blocks in Figure 11) in die hierarchical levels. Generally, each bin m die hierarchical level vioU contain data 
only from die processing runs whose context matched diat particular bin. AWiough higher levek may have more 

20 data, diosc data sets may not be specific to all of die context conditions for an individual lot Therefore, die data 
from die lowest relevant hierarchical level is used, in conjunction wfth de&ult data, to process a new 
semiconductor lot Ahhough only three hierarchical levels were illustrated in die previous example, many 
hierarchical levels can be crcaled to organize control tinead data. In one embodiment, a computer system 130 can 
be programmed to automatically select die most relevant hierarchical level and formulate proper control inputs. 

25 Furdieraiore, die computer system 130 can be programmed to update die proper hierarchical levek upon die 
completion of the processing of a semiconductor lot 

The principles taught by die present invention can be implemented m an Advanced Process Control (APC) 
fiamework. The APC is a preferred platform fiwn which to implement die overlay control strategy taught by the 
present invention. In some embodhnents, die APC can be a fectory-wide software system; dierefore, die control 

30 strategies tau^t by die present mvcntion can be qiplied to virtually any of die semiconductor manufacturing tools 
on die fectory floor. The APC framework also allows for remote access and monitoring of die process 
performance. Furthermore, by utilizing die APC fiamewwk, data storage can be more convenient, more flexible, 
and less expensive tiian local drives. TTie APC platform aUows for more sophisticated types of control because it 
provides a significant amount of flexibility in writing die necessary software code. 

35 Dq>loyment of die control strategy taught by die present invention onto die APC fiiamework could require 

a number of software components. In addition to components widun die APC framework, a computer script is 
written for each of die semiconductor manufacturing tools involved in die control system. When a semiconductor 
manufacturing tool in die control system is started m die semiconductor manufecturing fab, it generally calls upon 
a script to initiate die action diat is required by die overlay controller. The control mcdiods are generally defined 

40 and perforaied in diese scripts. "ITie development of diese scripts can comprise a significant portion of die 
development of a control system. 
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In one embodimeat, fiir tbc overlay control project, there are four separate scripts that perfonn all of tiie 
nccessaiy tasks. There is one script each for the ASM stepper and Ae iwicw station, a script to handle 
data c^rture from die review station, and another subscript tiiat contains common procedures that can be referenced 
by any of the other scripts. Examination of these scnpts, and how Acy mtcract widi the production flow, can 
S reveal die aft n?*'' control action enacted by the o verkiy control scheme taught by the present invention. 

In one embodnnent the overlay control procedure begms at tiie source/drain portion of the semiconductor 
device &bricadon procedure. The ASM steppers are used to expose the photoresist, which m turn defines the 
active areas of die wafer. Tlie overlay controller will treat this as the previous layer when it processes wafa lots 
dnough the poly gate steps, so some mformadon is required firom wafer lots run at diis step. In one embodhnent» 
10 before the semiconductor manufacturing tools are run, an APC script is called to initialize the madune. At this 
step, the scr^ records the entity number of the scQiiconductornianafictuxingtoo^ 'Hie 
entity number is then stored agamst the lot number in Data Store. Therestof thescr^sucfaastfae APCDatacafl 
and die Setup and StaitMadiine calls, are formulated widi blank or dummy data in order to force the madune to 
use its defeuh settings. 

j5 The subsequent time tiiat semiconductor wafer lots enter the domain of the controller is generally during 

the poly gate portion of semiconductor device fabrication. This is die pattemed level dut is just above die 
somce/dram layer. These two adjacent patterned layers are subject to overlay metrology, whidi enable die use of 
feedback control to correct emars m overlay. This is generally trae for any two adjacent pattemed layers diat are 
followed by a review station metrology step. To enable control action, a control thread correspcmding to die 

20 current semiconductor wafer lot is created fiom the process information. 

The control thread for the overlay control scheme depends upon the current stepper, cmrent operation, die 
produrt code for die cuirent lot, and die entity nunabcr at die previous pattemed layer. The first tiiree paramelcn 
are generally found in die conteia infonnation diat is passed to die script finom the currait stepper. The fomtii 
parameter is generally stored when die lot is processed dirough die previous layer. Once all four parameters are 

25 defined, diey are combined to fonn die control dircad name; STP62^2037^6528FQ.STP64 is an example of a 
control duead name. The conttol diread name is also stored in correspondence to die wafer lot number m Data 
Store. 

Once die lot is associated widi a control thread name, the stepper setdng$ for tiiat control duead are 
generally retrieved from Data Store. There are at least two possibilities when die caU is made for die mforaiation. 

30 Onepossibihtyisdiatdiere are no settings stored underdie current control dueadname^ This can happen when die 
control dut«d is new, or if die information was lost or deleted. In diese cases, die script initializes die control 
diread assuming diat diere is no error associated widi it and uses die target values of die overlay errors as die 
control input settings. It is preferred diat die controUers use die defiwh madimc settmgs as die mftial se^^ By 
assuming some settings, die overlay errors can be related back to die control settings in order to fedlitate feedback 

35 control 

Anodier possibility is diat die settings are stored under die control diread name. In diis case, one or more 
semiconductor wafer lots have been processed under die same control diread name as die current semiconductor 
wafer lot, and have also been measured for overlay error using die review stations. When diis information exists, 
die control input signal settings are retrieved from Data Store. These settings are dien downloaded to die ASM 
40 stq)per via die APCData call 
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Finatty, the wafer lots are measured on the review stations after exposure on the steppers. The script 
begins with a number of APC commands to allow for the collection of data. The review station script then locks 
itself in place and activates a Data Available script This script fiicilitates the actual transfer of the data from the 
review station to the APC frameyrork. Once the transfer is completed, die script exits and unlocks Ae review 
5 stadonscripL The interactkm widi die review station is then gmralfy complete. 

In one embodiment, after the data is collected, it is processed to generate an estimate of die cunent eiror 
in the control input signal settings. First, die data is passed to a compiled Matlab plug-in that performs the outlio- 
rejection criteria described above. The ii^>uts to a plug-in interface are die multiple error measurements and an 
array containing boundary values. The return from die plug-in interface is a single toggle variable. A nonzero 
10 return denotes that it has Med die rejection criteria, odierwise the variabterebmu 

script continues to process. 

After the outlier rejection is completed, die data is passed to die EWMA filtering procedure. The 
controller data for die control thread name associated widi the lot is retrieved, and all of the relevant operation 
upon the stack of lot data is carried out This includes replacing redundant data or removing older data. Once the 

15 data stack is adequately prepared, it is parsed into ascending time-ordered arrays that correspond to the error 
values. These arrays are fed into the EWMA plug-in along with an arr^ of the parameters required finr its 
execution. In one embodiment, the return from die plug-in is comprised of die six fihered error vahies. 

The final step in die process is to calculate the new settings for die stepper. The previous settings for die 
control thread corresponding to the current wafer lot are retrieved fit)m Data Store. This data is paired along widi 

20 die current set of overlay errors. The new settings are calculated by calling a compUed Matlab plug-m. Tliis 
application incorporates a number of mputs, performs calculations m a separate execution component, and returns a 
number of outputs to die mam scnpL Generally, die inputs of die Madab plug-in are die control input signal 
settings, die review station errors, an array of parameters diat are necessary fiir die control algoridim, and a 
currendy unused flag error. The outputs of die Matiab plug-in are the new connroUer settings, calculated m die 

25 plug-m according to die controller algoridun described above. A photolidiography process engineer or a control 
engineer, who generally determines die actual form and extent of die control action, can set die parameters. They 
include die direshold values, maximum step sizes, controller weights, and target vahies. Once die new parameter 
settings are calculated, die script stores die setting m Data Store such diat die stqipers can retrieve diem for die 
next wafer lot to be processed. The principles taught by die present invention can be implemented mto odier types 

30 of manufocturing frameworks. 

The particular embodiments disclosed above are illustrative only, as die invention may be modified and 
practiced in different but equivalent manners apparent to diose skilled m die art having the benefit of die teachmgs 
herein. Furthermore, no limitations are intended to die details of construction ot design herein shown, odier dian as 
described in die claims below. It is dierefore evident diat die particular embodhnents disclosed above may be 

35 altered or modified and all such variations are considered widim die scope and spirit of die mvention. 
Accordmgly, die protection sought herein is as set forth in die cUdms below. 
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CLAIMS 

1 . A mediod for controliing manufacturing process using a hierardiical system, comprising: 
processing a first lot of semiconductor devices (105) using a firet set of control input parameters; 
stning said first set of control input parameters in one of a plurality of hierarchical levels (602-678), said 

5 first set of control input parameters being available for processing of a second lot of 

semiconductor devices (105); 
acquiring process data from said processing of said first lot of semiconductor devices ( 1 05); 
4ii^i*nnintng a second set of control input parameters for a subsequent lot of semiconductor devices (105) 
based upon said acquired process data; and 
jQ storing said second set of control input parameters in one of a plurality of hierarchical levels (602-678X 

said first and second sets of control input settings being available for processing of a third lot of 
semiconductor devices (105). 

2. The method described in claim 1, wherein acquiring process data from said process i n g of said 
first lot of semiconductor devices (1 05) further comprises accessing metrology relating to the processing of said 

15 first lot of semiconductor devices (105). 

3. The method described in claim U wherein determining a second set of control irqnit parameters 
for a subsequent lot of semiconductor devices (105) further comprises using data stored in said plurality of 
hieraidiical levels (602-678) to determine said seccmd set of control input parameters. 

20 

4. The method described in claim 1, wherein determining a second set of control input parameters 
for a subsequent lot of semiconductor devices (105) further con^irises: 

determining a lowest relevant hierarchical level (602-678); 

ndng a set of defiuk control parameters in response to a determination that said lowest relevant 
25 hierarchical level (602-678) is not found; 

acquiring data from said lowest relevant hierarchical level (602-678); and 

determining a set of new control input parameters using data acquired from said lowest relevant 
hierarchical level (602-678). 

30 5. Tiie method described m claim 4, wherein determinmg a lowest relevant hierarchic 

678) further comprises determming a hierarchical level (602-678) diat contains data of a previous process diat is 
similar to a current process. 

6. An ^paratus for controlling manu&cturing processes using a hierarchical system, characterized 

35 in diat said apparatus comprises: 

means for processing a first lot of semiconductor devices (105) using a first set of control input 
parameters; 

means for storing said first set of control input parameters in one of a plurality of hierarchical levels (602- 
678), said first set of control input parameters being available for processing a second lot of 
40 semiconductor devices (105); 

means for acquiring process data from said processing of said first lot of semiconductor devices (105); 
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means for determining a second set of control input parameters for a subsequent lot of semiconductor 

devices (105) based upon said acquired process data; and 
means for storing said second set of control input parameters in one of a pluraliQr of hienrditcal levels 

(602-678X said first and second sets of control input settings being available for processing of a 

diird lot of semiconductOT devices (105). 

7. A computer readable program storage device encoded with instructions that, when executed by a 
computer, performs a method for controlling manufacttxring processes using a hierarchical system, comprising: 
processing a first lot of semiconductor devices (105) using a first set of control input parameters; 
storing said first set of control mput parameters in one of a phnalhy of hierarchical levels (602-678X said 

first set of control tiq>ut parameters being available for processing of a second lot of 

semiconductor devices (105); 
acquiring process data IBrom said processing of said fu^ lot of semiconductor devices (105); 
detemiining a second set of control input parameters for a subsequent lot of semiconductor devices (105) 

based upon said acquired process data; and 
storing said second set of control inpux parameters m one of a phnality of hierarchical levels (602-678), 

said first and second sets of control input settings being available for processmg of a third lot of 

semiconductor devices (105). 



8. The computer readable program storage device encoded with mstructions diat, vfhm executed by 
a computer, performs the method described in claun 7, wherein detcrminmg a second set of control iiqmt 
parameters for a subsequent lot of semiconductor devices ( 1 05) fiirdier comprises usmg data stored in said plurality 
of hierarchical levels (602-678) to determine said second set of control input parameters. 

9. The computer readable program storage device encoded with instructions that, when executed by 
a computer, performs die metiiod described in clahn 7, wherein determining a second set of control ii^ 
parameters for a subsequent lot of semiconductor devices (105) fiirther comprises: 

^ffA rminmg a lowcst relevant hierarchical level (602-678); 

using a set of default control parameters in response to a determination diat said lowest relevant 

hierarchical level (602-678) is not found; 
acquiring data firom said lowest relevant hierarchical level (602-678); and 

dftCTTnining a sct of ucw coutTol iuput parameters using data acquired from said lowest relevant 
hierarchical level (602-678). 

10. The computer readable program storage device encoded with instructions that, when executed by 
a computer, performs the method described in claim 9, wherein determining a lowest relevant hierarchical level 
(602-678) further comprises determining a hierarchical level (602-678) that contains data of a previous process that 
is similar to a current process. 
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The second hierarchical level wiU generally have ^ next 
therefore wUl constitute the second hierarchical level. Blocks 608, 6 10, and 612 contain data for previous steppers 
A, B, and C, respectively, which have similar processes as that of Ac current stepper A in biodc 602, Blocks 614, 
616, and 618 contain data for previous steppers A, B, and C, respectively, which have similar processes as that of 
5 tiie current stepper B in block 604. Blocks 620, 622, and 624 contain data for previous steppers A, B, and C, 
respectively, which have similar processes as diat of the current stepper C in block 606. Tbe third hierardiical 
level represents the cmiB« operation, vrtudi has the least nnpact of identified hieran^ Blocks 626, 628, and 
630 represent a process 1, aprocess 2, and a process 3, respectively, which are performed on a previous ste^Mr A 
in block 608. 

10 A series of examples arc provided to illustrate the usage and filling in of control tiueads using die 

hierarchical method taught by the present invention. Turning now to Figure 7, an illustration of an example of die 
implementation of die hierardiical system based upon die resuhs of processing a first semiconductor lot is 
depicted. Block 602 in die first hienffchical level, block 608 in die second hierardiical level, and block 626 m die 
diird hiciwdiical level are diaded indicating diat diese blodcs (or bms) contain relevant control diread data for a 

15 current process. A first semiconductor lot is processed on stepper A, represented by block 602 in die first 
hierarchical level being shaded The first semiconductor lot was previously processed on stepper A, represented by 
block 608 in die second hierarchical level bcmg shaded. Furdicrmore. process 1 is implemented on die first 
semiconductor lot, represented by block 626 in die diird hierarchical level being shaded Infimnation fitom 
processing the first semiconductor lot is used to fill in die related bins in die hierardiy represented by die shaded 

20 blocks 602, 608, and 626. A process controller can then extract data fiom die bms m die hierarchical levels to 
process odier related semiconductor lots. 

Turning now to Figure 8, an illustration of die effect on die hierarchical system based on a second 
processing run of a semiconductor lot is depicted. A second semiconductor lot is processed on stepper A, 
represented by die shading of block 602 m die first hierardiical IcveL Hie second semiconductor lot was 

25 previously processed on stepper B, represented by die shading of block 610 in die second hierarchical level 
Furdiermore, process 1 is implemented on die second semiconductor lot, represented by die shading of block 632 
in die tiiird hierarchical level. Only block 602 in die first hierarchical level contains die data needed for die present 
semiconductor run. dierefore only die first level information is used. The shaded blocks in Figure 8 represent die 
control diread data diat are available as a result of processing the first and second semiconductor lots. 

30 Tiiming now to Figure 9, an iUustration of die effect on die hierardiical system based on a dihd 

l^ocessing run of a semiconductor lot is depicted. A difad semiconductor lot is processed on stepper A, represented 
by die shading of block 602 in die first hierarchical level. The diird semiconductor lot was previously processed on 
stepper B, represented by die shading of block 610 in die second hierarchical level. Furdiermore, process 2 is 
implemented on die diird semiconductor lot, represented by die shading of block 634 in die durd hierarducal level 

35 Bodi die first hierarchical level (blodc 602) and second hierarchical level (block 610) contain relevant data needed 
for die present semiconductor nm, dierefore die second hierardiical level, which contains more specific data. Is 
used. The shaded blocks m Figure 9 represent die control diread data diat are available as a result of processing die 
first, second, and third semiconductor lots. 

Turning now to Figure 10, an iUustration of die effect on die hierarchical system based on a fouidi 

40 processing run of a semiconductor lot is depicted. A fourdi semiconductor lot is processed on stepper A, 
represented by die shading of blodc 602 in die first hierardiical level. Hie fourdi semiconductor lot was previously 
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